Objectives. Elevated expression of Siglec-1 on circulating monocytes has been reported in some inflammatory and autoimmune diseases, but its expression and role in RA has not been elucidated. The aims of this study were to determine the expression of Siglec-1 in peripheral blood and to explore its role in mononuclear cell reactivity to autoantigen in RA.
Introduction
RA is a chronic, systemic autoimmune disease characterized by articular synovitis. It occurs worldwide, with male and female incidence ratios of 1:2 to 1:4 and the prevalence in adults is $1%. However, different races and ethnic groups have different morbidities, which reflect susceptibility genes such as HLA-DR4 in the onset of RA. Recurrence or persistence of synovitis can lead to articular cartilage and bone destruction, joint dysfunction or disability, and the quality of life of these patients is seriously affected. A small number of patients have symptoms beyond articulus, such as rheumatoid nodules and lung diseases. Although the pathogenesis of RA has not yet been clarified, innate immunity mediated by monocytesmacrophages has been implicated to play an important role in the development of RA [13] .
Siglec-1 is a member of the sialic acidbinding immunoglobulin-like lectins (Siglecs) family, which is thought to promote cellcell interactions and regulate the functions of cells in the innate and adaptive immune systems through glycan recognition [4] . Human Siglec-1 was first cloned by Paul R. Crocker's group and was expressed exclusively in tissue-resident macrophages [5] . Evidence is accumulating that Siglecs, particularly Siglec-1, are important players in the initiation and progression of inflammatory and autoimmune diseases. A previous study found that Siglec-1 was expressed on inflammatory macrophages of rheumatoid synovial membranes [5] . But little is known about whether Siglec-1 is expressed on circulating monocytes of RA patients and what the exact role of Siglec-1 is in systemic inflammation of RA. As an important biomarker of monocytemacrophage activation and a type I IFN-specific imprint, Siglec-1 may internalize collagen-associated antigens and present them to T cells or autoreactive B cells. Siglec-1-positive macrophages in synovial fluid may also interact with synovial fibroblast to induce proinflammatory cytokine production and inflammatory response initiation in the joint cavity. Therefore Siglec-1 may provide a potential pathophysiological link between antigen presentation, autoreactive lymphocytes activation, inflammation and RA.
Accordingly, we explored whether Siglec-1 is highly expressed on circulating monocytes and, if it is, what the possible role of Siglec-1 is in mononuclear cell reactivity to autoantigen in RA. First, Siglec-1 protein and mRNA levels in 42 RA patients, 39 OA patients, 28 SLE patients and 42 normal controls were determined by flow cytometry and quantitative RT-PCR, respectively. Second, the 28-joint DAS (DAS28), ESR, serum high-sensitivity CRP (hs-CRP), IgM-RF and anti-CCP antibody were determined in RA patients and correlated to Siglec-1 protein levels. Third, 10 patients with active RA received DMARDs of MTX plus HCQ for 12 weeks and the frequencies of Siglec-1-positive cells and the DAS28 were assessed before and after therapy. Fourth, TNF-a, IFN-g and type II collagen were used to up-regulate Siglec-1. Also, peripheral blood mononuclear cells (PBMCs) from different groups were stimulated with mitogens or antigens and cell proliferation and cytokine production were determined.
Materials and methods

Subjects
The study conforms to the principles outlined in the Declaration of Helsinki and was approved by the Bioethics Committee of Chengdu Military General Hospital, Chengdu, China. After informed consent was obtained from the participants, 42 RA patients who were diagnosed according to the ACR 1987 revised criteria for RA [6] were enrolled in the study. Age-and sex-matched patients (39 OA, 28 SLE) and 42 healthy volunteers were also recruited. SLE patients were diagnosed according to the ACR criteria [7] and all SLE patients had active disease, with a mean SLEDAI score of 15.3 (range 824). All of the controls had no evidence of swollen or tender joints and were both RF and anti-CCP antibody negative. People with evidence of infectious disease, immunological disorders, fever, anti-inflammatory treatment, recent major surgery or neoplastic disease were excluded from the study. A detailed description of the study participants is provided in Table 1 . A blood sample from each participant was drawn by clean venepuncture of an antecubital vein after an overnight fast.
Fluorescence-activated cell sorting
PBMCs from 10 ml of whole blood were prepared as below and residual erythrocytes were lysed at 4 C with EL buffer (Qiagen, Hilden, Germany). The cells were then washed twice with PBA (PBS + 0.5% BSA + 0.05% sodium azide). A total of 2 Â 10 5 cells in 100 ml PBA were first Fc-blocked with 2 mg of human IgG for 15 min at room temperature and subsequently incubated with antibody for Siglec-1 (HSn 7D2) (Abcam, Cambridge, UK) at a concentration of 10 mg/ml for 1 h. After washing, the cells were resuspended in 100 ml PBA and stained with 549 conjugated goat anti-mouse secondary antibody (Jackson ImmunoResearch, West Grove, PA, USA) at a concentration of 5 mg/ml for 30 min. Mouse IgG (2 mg) was used to block the free valencies of the secondary antibody before being stained with 20 ml FITC-conjugated mouse antihuman CD14 antibody (eBioscience, San Diego, CA) and phycoerythrin-Cy7 conjugated mouse anti-human CD16 antibody (BD, Franklin Lakes, NJ, USA) for 30 min at room temperature in the dark. The cells were then washed and resuspended in 500 ml PBS. Dead cells were excluded by adding 5 ml of Dead Cell Discriminator (DCD, Invitrogen) per 10 6 cells directly to the cell suspension immediately prior to flow cytometric analysis. Cells were analysed using an FC500 flow cytometer and CXP Analysis Software (Beckman Coulter, Fullerton, CA, USA 0 -CATGGGTGGAATCATATTGGAAC-3 0 , amplicon size 66 bp. Real-time PCRs were performed using the ABI 7500 Sequence Detection System with SYBR Õ Green PCR Master Mix (Applied Biosystems). Specificity of the products was confirmed by agarose gel electrophoresis. As a control for cross-contamination, samples consisting of distilled water were also subjected to the isolation procedures and the extracts were tested with all assays. Cycle threshold (Ct) values were calculated after confirming similar amplification efficiencies of target and endogenous control cDNA and gene expression was analysed using the ÁÁCt method [10].
Determination of ESR, serum hs-CRP, IgM-RF and anti-CCP antibody
The level of serum hs-CRP and IgM-RF were determined by latex-enhanced nephelometric immunoassay (DadeBehring BN II, Marburg, Germany). IgM-RF values >15 IU/ml were considered positive. Anti-CCP antibody was detected by Diastat Anti-CCP (Axis-Shield, Dundee, UK) with the recommended cut-off value of 5 U/ml. ESR was also measured.
Assessment of DAS28
The DAS28 was calculated using the following complex formula, which includes the number of tender (t28) and swollen (s28) joints, ESR and global health on a visual analogue scale (VAS) [11] :
The disease activity was evaluated by the DAS28 according to the following scale: low activity, 2.63.2; moderate activity, 3.25.1; high activity, >5.1.
Stimulation of PBMCs with TNF-a, IFN-g and type II collagen
PBMCs of healthy controls were plated in 24-well plates at a concentration of 2 Â 10 6 cells/well in 2 ml complete media (RPMI 1640 supplemented with 10% fetal bovine serum, 20 mM L-glutamine, 100 IU/ml penicillin and 100 mg/ml streptomycin). Cells were stimulated with one of the following reagents: TNF-a (5 ng/ml), IFN-g (5 ng/ml) or type II collagen (12.5, 25 or 50 mg/ml). PBMCs were harvested after 48 h of stimulation for analysis of Siglec-1 expression by FACS as described above.
Mononuclear cell proliferation and cytokine production
The experiment was performed as described previously, with minor modifications [12, 13] . The PBMCs of RA and OA patients and healthy controls were washed twice with PBS and cultured in complete RPMI 1640 medium (Gibco, Grand Island, NY, USA). In some cases, blocking antibody against Siglec-1 (2 mg/ml, HSn 7D2, Santa Cruz Biotechnology, Dallas, TX, USA) was used to block the expression of Siglec-1 functionally. The cells were then plated at a density of 2 Â 10 5 cells/well (200 ml) in triplicate in 96-well flat-bottomed plates, with or without the following antigens or mitogens: phytohaemagglutinin (PHA) 10 mg/ml, ovalbumin 50 mg/ml, bovine type II collagen 50 mg/ml (Sigma, St Louis, MO, USA). The cells were incubated for 3 days at 37 C in 5% carbon dioxide and culture supernatants were collected for cytokine detection. Cells were then cultured for another 2 days. Before the last 6 h of culture, 0.5 mCi of [ 3 H]thymidine was added to each well. Cells were harvested onto nitrocellulose and the radioactivity incorporated was counted in a scintillation counter. Lymphocyte responses were expressed as stimulation indices (SIs), defined as the ratio of cpm in the presence of antigens to cpm without antigens.
ELISA for cytokines TNF-a and IFN-g were measured in the culture supernatants with ELISA kits according to the manufacturer's specifications (R&D Systems, Minneapolis, MN, USA).
The limits of detection of the assays performed were 15.61000 pg/ml for TNF-a and IFN-g. When required, samples were diluted before testing.
Statistical analysis
For normally distributed data, an unpaired t-test was performed to test for differences in means between two groups and analysis of variance (ANOVA) for more than two groups. For non-normally distributed data, significance analyses between more than two groups was performed using the KruskalWallis H-test, while significance between two groups was analysed using the MannWhitney U-test. The correlation of two different parameters was calculated with the Spearman rank order correlation. P-values < 0.05 were considered significant.
Results
Increased expression of Siglec-1 protein on PBMCs in RA patients
As shown in Fig. 1 , the rate of Siglec-1-positive cells in the total PBMCs in the RA group was significantly higher than in the OA group and normal controls, but there was no difference between the OA group and the control group. Furthermore, the Siglec-1-positive rate in SLE patients was similar to that in RA patients (with P > 0.05). Most of the Siglec-1-positive cells also expressed the inflammatory monocyte marker CD14, however, some CD14 low cells also expressed Siglec-1, which may belong to the CD14 low CD16 + resident monocyte subset (Fig. 1D) . A similar result was also found in SLE patients in another study [14] . Moreover, the mean fluorescence intensity (MFI) of Siglec-1 was also higher in the RA group than in the OA group and healthy controls, but the MFI in SLE patients was higher than in RA patients.
Increased expression of Siglec-1 mRNA on monocytes of RA patients 
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Increased Siglec-1 in RA normalized Siglec-1 mRNA level in RA patients was significantly higher than in OA patients and control individuals (Fig. 1H ), but no significant difference was observed between OA patients and normal controls. Furthermore, the relative Siglec-1 mRNA level in SLE patients was higher than in RA patients.
Siglec-1 expression is positively correlated with DAS28, ESR, IgM-RF and hs-CRP, but not with anti-CCP antibody When correlative studies were performed, positive correlations between the Siglec-1 protein level and DAS28, ESR, IgM-RF and hs-CRP were observed (r = 0.84, 0.71, 0.50 and 0.74, respectively; all P < 0.001) (see Fig. 2 ). However, no linear correlation between the Siglec-1 protein level and anti-CCP antibody was found (r = 0.15, P = 0.35; Fig. 2C ).
Decreased Siglec-1 expression on PBMCs after anti-rheumatic treatment
As shown in Fig. 3A In RA patients, a positive correlation between Siglec-1-positive cells in total PBMCs (%) and (A) hs-CRP, (B) IgM-RF, (D) ESR and (E) the DAS28 were observed. However, no correlation between the Siglec-1 protein level and (C) anti-CCP antibodies was found. n = 42 for each plot.
3.38 (S.D. 0.63) (P < 0.001 by paired t-test) after therapy. (Fig. 3D) . The decrease in Siglec-1 frequencies on PBMCs and on both the inflammatory and resident monocyte subsets reflected remission after therapy and may serve as a potential biomarker for monitoring anti-rheumatic therapy in RA.
TNF-a, IFN-g and type II collagen can stimulate Siglec-1 expression on PBMCs
As shown in Fig. 4 , 5 ng/ml of TNF-a or IFN-g can greatly up-regulate Siglec-1 expression. Moreover, type II collagen can also stimulate Siglec-1 expression in a dosedependent manner as compared with medium-stimulated group.
Elevated mononuclear cell proliferation and proinflammatory cytokine production to collagen in RA patients was partly due to Siglec-1
As shown in Figs. 5 and 6, PBMCs from RA patients had a greater proliferative ability and TNF-a and IFN-g had a greater productive potential to type II collagen stimulation compared OA patients and healthy controls. More importantly, when the biological function of Siglec-1 was inhibited by anti-Siglec-1 antibody in RA patients, the reactivity of PBMCs and proinflammatory cytokine production were significantly reduced. These results indicated that the elevated PBMC proliferation and TNF-a and IFN-g secretion to collagen in RA patients was partly due to increased expression of Siglec-1 on monocytes.
Discussion
As a major biomarker of macrophage activation, Siglec-1 (sialoadhesin, Sn, CD169) is mainly expressed on tissue resident macrophages, but it can also be expressed on circulating monocytes under inflammatory conditions. Biesen et al. [14] found that Siglec-1 expression in inflammatory and resident monocytes is a potential biomarker for monitoring disease activity and the success of therapy in SLE. York et al. [15] Although other studies have elucidated the importance of Siglec-1 in inflammatory and autoimmune diseases, this is the first study to explore whether Siglec-1 is expressed on circulating monocytes and whether its expression is correlated with disease activity in RA. We found that the Siglec-1 protein and mRNA levels were significantly increased in RA patients compared with OA patients and normal controls. And the increased expression of Siglec-1 protein was positively correlated with DAS28, ESR, hs-CRP and IgM-RF, but not with anti-CCP antibody. Moreover, Siglec-1 expression on PBMCs and on different monocyte subsets was decreased in parallel with the decrease in the DAS28 after anti-rheumatic treatment. These findings demonstrate that circulating monocytes in RA patients have been activated and that Siglec-1 on monocytes may serve as a potential biomarker for monitoring disease activity in RA.
Our results and previous studies also revealed that overexpression of Siglec-1 may be attributed to proinflammatory cytokine stimulation, such as TNF-a, IFN-g, IFN-a, IL-1 etc. [5, 15, 18] . More importantly, as a major autoantigen in the pathogenesis of RA, type II collagen can also up-regulate monocyte expression of Siglec-1. Activated monocytes may phagocytize more collagen through surface Siglec-1 and process and present it to autoreactive T and B cells in the periphery blood and joint cavity. Inhibition of Siglec-1 expression on RA PBMCs can decrease lymphocyte proliferation and reduce TNF-a and IFN-g secretions, which will further down-regulate Siglec-1 expression on monocytes and limit the inflammatory process of RA [19] . On the other hand, uncontrolled proinflammatory cytokine production in RA patients will activate monocytes, increase Siglec-1 expression and promote lymphocyte proliferation and TNF-a and IFN-g secretions, eventually generating a positive feedback on monocytes and lymphocytes and exacerbating the inflammation of RA.
Another study identified a type I IFN signature in peripheral blood cells from a subgroup of RA patients [20] . Our previous study also verified Siglec-1 as an imprint of type I IFN activation and a risk biomarker for monitoring disease severity in atherosclerosis [9] . It is well known that the associated inflammation and coronary atherosclerosis is elevated in RA patients [2123] . So both coronary artery atherosclerosis and RA are activated by the type I IFN system, and Siglec-1 may provide a direct link between the two diseases.
There PBMCs of RA and OA patients and healthy controls were cultured in 96-well plates (2 Â 10 5 cells/200 ml) with or without PHA 10 mg/ml, ovalbumin 50 mg/ml or bovine type II collagen 50 mg/ml. In some cases, a blocking antibody against Siglec-1 (2 mg/ml) or control IgG (2 mg/ml) was used as indicated. Cells were cultured for 5 days and lymphocyte proliferation is expressed as SI. **P < 0.01, ***P < 0.001, #P > 0.05 .   FIG. 4 TNF-a, IFN-g PBMCs of healthy controls were plated in 24-well plates and stimulated with TNF-a (5 ng/ml), IFN-g (5 ng/ml) or type II collagen (12.5, 25 or 50 mg/ml). Forty-eight hours later the cells were harvested and FACS was used for Siglec-1 detection. Plots are shown as a box with the 25th75th percentiles containing the median line and the whiskers showing 2 S.D. NC: cells were stimulated with type II collagen 50 mg/ml and immunostaining with control IgG; 0: cells were stimulated with culture medium and immunostaining with Siglec-1. *P < 0.05 with culture medium group. first line of host defence against pathogens, including bacteria and viruses. Microbes and their components may activate host immunity and enhance type I IFN secretion, thus resulting in greater expression of Siglec-1 in RA patients. Ancuta et al. [27] showed that resident monocytes were more likely to differentiate into dendritic cells than inflammatory monocytes. So whether resident monocytes can present autoantigens in a Siglec-1-dependent manner in RA still needs to be clarified.
The DAS was developed in the early 1990s [28, 29] and later it was transformed into the DAS28 [11] in an era when therapy with biologicals was not yet available. However, Vander Cruyssen et al. [30] found that the DAS28 was an important variable for evaluating insufficient response to infliximab therapy and that this variable can be only slightly improved by adding supplemental variables. Moreover, the DAS28 has been considered the most important indicator for monitoring disease activity in RA. In our study, a strong correlation between Siglec-1 and the DAS28 was found, which indicated that Siglec-1 on monocytes may serve as a potential biomarker for monitoring disease activity in RA. Since the DAS28 is calculated using several parameters and is somewhat inconvenient for clinicians, measurement of Siglec-1 may provide a fast and accurate method for monitoring disease activity, pre-treatment assessment and therapeutic evaluation.
CRP is the most useful biochemical marker for the evaluation of disease activity in patients with RA [31] . McConkey et al. [32] revealed that CRP, which reflects exacerbations and remissions of RA, responds to changes in clinical activity more closely than the ESR. In contrast, another study demonstrated that the association between ESR and the DAS28 was closer than that between CRP and the DAS28 [33] . Our present study found that both ESR and CRP were positively correlated with the DAS28 (data not shown). Furthermore, Siglec-1 expression on PBMCs was positively correlated with both hs-CRP and ESR in RA patients. So we can conclude that Siglec-1 is also a useful biomarker for monitoring disease activity in RA.
RF and anti-CCP antibodies are B cell activation biomarkers in RA. Sellam et al. [34] found that RF or anti-CCP antibodies and elevated IgG are two simple biomarkers that can be used routinely before therapy to predict response to rituximab in patients with refractory RA. Clavel et al. [35] found that disease-specific ACPAcontaining immune complexes induced dose-dependent TNF-a secretion by macrophages via engagement of FcgRIIa. Our study revealed a correlation between monocyte Siglec-1 and serum IgM-RF levels, but not with anti-CCP antibody, which indicated Siglec-1 may also be used for monitoring B cell activation and predicting response to therapy in RA patients.
In summary, the mRNA and protein levels of Siglec-1 on monocytes and PBMCs in patients with RA were significantly increased compared with OA patients and healthy individuals. Most importantly, the expression of Siglec-1 was positively correlated with the DAS28, ESR, hs- CRP   FIG. 6 Inhibition of Siglec-1 attenuates TNF-a and IFN-g production in peripheral blood mononuclear cells (PBMCs) of RA patients.
PBMCs of RA and OA patients and healthy controls were cultured with or without PHA 10 mg/ml, ovalbumin 50 mg/ml or bovine type II collagen 50 mg/ml. In some cases, a blocking antibody against Siglec-1 (2 mg/ml) or control IgG (2 mg/ml) was used as indicated. Cells were cultured for 3 days and culture supernatants were collected. Levels of cytokines were obtained after incubation without stimulation (or with acetic acid as a buffer control for collagen type II stimulation). The box plots show the median as a line and the 25th and 75th centiles limiting the box and the 10th and 90th centiles indicated with bars. **P < 0.01, ***P < 0.001, #P > 0.05.
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Increased Siglec-1 in RA and IgM-RF, which indicates that Siglec-1 on PBMCs may serve as a potential biomarker for monitoring disease activity in RA. Moreover, TNF-a, IFN-g and type II collagen can up-regulate Siglec-1 on PBMCs. Elevated PBMC proliferation and proinflammatory cytokine production due to stimulation by collagen in RA patients decreased when Siglec-1 was inhibited by anti-Siglec-1 antibody, but its other roles in the pathogenesis of RA still need to be clarified.
Rheumatology key messages
. Siglec-1 was increased and positively correlated with the DAS28, ESR, hs-CRP and IgM-RF in RA. . TNF-a, IFN-g and type II collagen can up-regulate Siglec-1 in peripheral blood mononuclear cells. . Elevated peripheral blood mononuclear cell proliferation and activation by collagen was partly due to Siglec-1.
